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Polyadenylated RNA from castor bean endosperm was translated in a wheat germ cell-free protein synthesis 
system, and alkaline lipase, an integral glyoxysomal membrane protein, was immunoprecipitated. The ap- 
parent molecular mass of the lipase synthesized in vitro was slightly higher than that of the mature enzyme 
(62 kDa). When mRNA derived from free and membrane-bound polysomes in the endosperms was trans- 
lated in vitro, the lipase was predominantly recovered from the products of the free polysomal mRNA, sug- 
gesting that the membrane protein is post-translationally inserted into the membrane. The amino-terminal 
8 amino acid residues of the mature lipase were sequenced. 
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1. INTRODUCTION 
In recent years, much information about the 
mechanism of microbody biogenesis, especially the 
synthesis and transport of proteins into the 
organelle, has been accumulated, and the 
peripheral membrane proteins and matrix proteins 
in microbodies have been shown to be synthesized 
on free polysomes and post-translationally im- 
ported into the organelle [1,2]. However, few 
reports are available concerning the synthesis and 
insertion of microbody integral membrane pro- 
teins except for a rat liver peroxisomal protein [3]. 
We have directed our attention to the synthesis of 
microbody membrane proteins in order to under- 
stand the mechanism of biogenesis of microbody 
membrane. 
Active biogenesis of glyoxysomes takes place in 
the endosperm of germinating castor bean [4], and 
the biogenesis is accompanied by active formation 
of alkaline lipase, which is the only known en- 
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zymically active membrane protein in the glyox- 
ysomes [5]. The lipase (62 kDa) has been 
concluded to be an integral membrane component 
because it is not solubilized with high salt concen- 
trations nor low concentrations of deoxycholate 
[5,6]. In the present communication, we suggest 
that the lipase is post-translationally inserted into 
the glyoxysomal membrane. 
2. MATERIALS AND METHODS 
2.1. Plant material 
Dry castor bean (Ricinus communis L.) seeds 
were soaked for 24 h and germinated in moist ver- 
miculite in darkness at 30°C. After germination 
for 3 days, the endosperm tissue was taken from 
uniformly germinating seedlings. 
2.2. Enzyme purification and antibody 
preparation 
The glyoxysomal lipase was purified from castor 
bean endosperm and antibodies were raised in a 
rabbit against the purified lipase as described 
previously [6]. The IgG fraction was obtained 
from the antiserum by ammonium sulfate frac- 
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tionation and DEAE-cellulose column chroma- 
tography. 
2.3. Poly(A)’ RNA preparation and cell-free 
translation 
Poly(A)’ RNA was prepared from the 3-day-old 
endosperms by extraction with a mixture of 
phenol/chloroform/isoamylalcohol and oligo- 
(dT)-cellulose column chromatography [7]. The 
translation in a wheat germ extract was carried out 
at 25°C for 60 min using 20 ~1 of a reaction mix- 
ture containing 10 &i [35S]methionine (1000 Ci/ 
mmol) [7]. The immunoprecipitate from the in 
vitro synthesized proteins was subjected to SDS- 
polyacrylamide gel electrophoresis and the protein 
bands were visualized by fluorography. 
2.4. Amino acid sequence analysis 
The glyoxysomal lipase was solubilized from the 
membrane with deoxycholate [6] and purified by 
SDS-polyacrylamide gel electrophoresis. Sequen- 
tial preparation of phenylthiohydantoin deriva- 
tives of amino acids from the N-terminal part and 
analysis of the derivatives produced were per- 
formed in a JEOL JAS-47K sequence analyser [8]. 
2.5. Other methods 
The specificity of the antibodies was tested by 
immunoblot analysis [9] using horseradish 
peroxidase-linked protein A (Amersham). SDS- 
polyacrylamide gel electrophoresis on a 12% 
polyacrylamide slab gel was performed according 
to Laemmli [lo]. Protein concentration was deter- 
mined by the method of Lowry et al. [ 111. In vivo 
labelling of endosperm proteins and preparation of 
free and membrane-bound polysomes from the en- 
dosperms were carried out according to Roberts 
and Lord [12]. 
3. RESULTS AND DISCUSSION 
The antibodies prepared in the present work 
precipitated alkaline lipase specifically from total 
membrane proteins in castor bean endosperm 
glyoxysomes (fig.1). In this study, we used en- 
dosperms from 3-day-old castor bean seedlings, 
because the rate of lipase synthesis had been 
observed to be the highest at the 3rd day after the 
onset of germination (Maeshima, M. et al., un- 
published). 
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Fig.1. lmmunoblot analysis of the specificity of anti- 
(glyoxysomal lipase) antibodies. Lanes: 1 and 2, gel 
stained with Coomassie brilliant blue; 3 and 4, 
immunoblot with anti-(glyoxysomal lipase) 1gG and 
horseradish peroxidase-linked protein A. Lanes: 1 and 3, 
the purified glyoxysomal lipase (6pg); 2 and 4, the 
glyoxysomal membrane (25 bug). 
Next we compared the in vitro and in vivo syn- 
thesized glyoxysomal lipase on the SDS- 
polyacrylamide gel (fig.2, lanes 1 and 2). When 
poly(A)+ RNA from the endosperms was trans- 
lated in vitro in the wheat germ protein synthesis 
system and the translation products were immuno- 
selected with anti-(glyoxysomal lipase) IgG, a 
major and several minor labelled polypeptides 
were detected on the polyacrylamide gel (fig.2, 
lane 2). The major polypeptide, but not the others, 
was not immunoprecipitated with anti-(glyoxyso- 
ma1 lipase) IgG preincubated with the purified en- 
zyme (fig.2, lanes 3 and 4), indicating that the 
major polypeptide immunoprecipitated with the 
antibodies is the glyoxysomal lipase. This polypep- 
tide was slightly larger than the lipase labelled in 
vivo in the 3-day-old endosperms (fig.2, lanes 1 
and 2), suggesting that at least several amino acid 
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Fig.2. Comparison between the in vitro and in vivo 
synthesized glyoxysomal lipase. Lane 1: 3-day-old 
endosperms were incubated with [“S]methionine for 2 h 
by the method of Roberts and Lord [12]. After 
preparation of the crude glyoxysomal fraction, the 
glyoxysomal lipase was immunoselected with anti- 
(glyoxysomal lipase) IgG and protein A-Sepharose from 
the fraction. Lane 2: poly(A)+ RNA from 3-day-old 
endosperms was translated in a wheat germ cell-free 
protein synthesis system and the lipase was 
immunoprecipitated from the total translation product. 
Lanes 3 and 4: immunoprecipitates from the in vitro 
synthesized proteins with anti-(glyoxysomal lipase) IgG 
preincubated without and with the purified lipase, 
respectively. In vitro and in vivo labelled polypeptides 
were analysed by SDS-polyacrylamide gel electropho- 
resis and fluorography. 
residues may be eliminated in situ from the newly 
synthesized polypeptide to form the mature en- 
zyme. The amino-terminal sequence of the isolated 
glyoxysomal lipase was as follows. 
1 2345678 
Asp-Gly-Ala-Pro-Ile-Lys-Lys-Pro- 
At present the structure of the cleavable extra pep- 
tide of the lipase is unclear, and we are now trying 
to clone the cDNA for glyoxysomal lipase mRNA 
to deduce the amino acid sequence of the extra 
peptide from its nucleotide sequence. 
The soluble proteins in microbodies such as 
isocitrate lyase have been shown to be synthesized 
on free polysomes [ 1,2,12]. On the other hand, the 
integral membrane proteins of glyoxysomes have 
been suggested to be synthesized on membrane- 
bound polysomes [l]. To determine whether the 
glyoxysomal lipase is synthesized on free or 
membrane-bound polysomes, both total or 
poly(A)+ RNAs were prepared from the free and 
membrane-bound polysomes of the 3-day-old en- 
dosperms and translated in a wheat germ cell-free 
protein synthesis system, and the radioactivity in 
the immunoprecipitate from the translation 
products with anti-(glyoxysomal lipase) IgG was 
assayed (table 1). The labelled glyoxysomal lipase 
was predominantly recovered from the translation 
products of free polysomal RNA, which strongly 
suggests that the glyoxysomal lipase may be syn- 
thesized on free polysomes. 
Table 1 
In vitro synthesis of the glyoxysomal lipase with mRNA 
derived from free and membrane-bound polysomes 
Polysomes RNA [35S]Met in 
extracted glyoxysomal lipase 
olg) 
lo3 cpm/fig lo3 cpm 
RNA 
Total RNA 
Free 1370 1.49 2040 
Bound 235 0.731 172 
Poly(A) rich 
RNA 
Free 11.0 75.3 828 
Bound 2.30 22.3 51.3 
Free and membrane-bound polysomes were prepared 
from about 30 g of 3-day-old endosperms, and in vitro 
translation was carried out with 2 pg and 0.2 pg of total 
RNA and poly(A)+ RNA, respectively. Each 
immunoprecipitate was electrophoresed on the SDS- 
polyacrylamide gel and visualized by fluorography, then 
the proportion of the label in the lipase to the total in the 
immunoprecipitate was determined from densitometric 
scanning of the fluorogram. The radioactivity in the 
lipase was calculated from the proportion and the 
radioactivity of an aliquot of the immunoprecipitate 
25 
Volume 220, number 1 FEBS LETTERS August 1987 
In conclusion, we propose that the glyoxysomal 
lipase is synthesized in a form with a short 
cleavable extra peptide on free polysomes and 
post-translationally inserted into the glyoxysomal 
membrane. A similar proposition has been made 
for the 22-kDa integral membrane polypeptide in 
rat liver peroxisomes except that the polypeptide is 
synthesized in vitro in a form lacking a cleavable 
extra peptide [3]. At present the function of the ex- 
tra peptide for the lipase remains to be in- 
vestigated. 
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